. Schematic diagram of the detailed optical set-up used in this work for nanoscale chemical imaging of zeolite domains within single FCC particles.
S1.2 Probes for TEFL microscopy
The probes for performing TEFL measurements were prepared by depositing 100 nm Ag on contact-mode Si AFM probes (MikroMasch, USA) oxidised to a thickness of 300 nm SiO2. The thermal evaporation of Ag was carried out in a vacuum evaporator (MBRAUN, Germany) at 10 -6 mbar pressure with a slow deposition rate of 0.05 nms -1
. A scanning electron microscopy (SEM) image of a representative Ag-coated AFM probe is shown in Figure 1d .
In order to preserve the structural integrity of Ag coating, TEFL probes were landed extremely gently on the sample surface and the TEFL measurements were performed by employing a very small force of interaction between the probe and the sample. Furthermore, a sensitive AFM feedback was maintained and carefully monitored during the course of TEFL mapping. This enabled TEFL mapping of zeolite domains without damaging the sample surface or degradation of plasmonic signal enhancement of the probes.
S1.3 Sample preparation
Fluid catalytic cracking (FCC) particles in their equilibrated state (E-CAT) having zeolite Y as the active phase have been investigated in this study. The spherical FCC particles were first embedded within EpoFix epoxy resin and cured at 60 °C. Sections were cut to ≈ 100 nm thickness using an Ultracut Reichert E ultramicrotome with a diamond knife. To remove epoxy resin and ensure a flat section topology, thin FCC sections were placed on a glass coverslip (thickness = 0.17 mm) and calcined in a static oven using the following scheme -6 h: 20°C to 500 °C, 6 h: 500°C, 6 h: 500°C to 20 °C. Staining of the sectioned and calcined FCC particles was performed by placing them in a sealed glass container and exposing them to 100 µl of thiophene. This procedure is expected to produce a uniformly thick layer of thiophene molecules covering both zeolite and matrix areas on the surface of FCC sections. Therefore, in our samples diffusion of thiophene molecules is not expected to play a dominant role. Thiophene oligomerisation reaction was carried out by placing the stained FCC particles in a 120 °C oven for 30 min (following the procedure of Nature Chemistry, 2011, 3, 862-867) .
Note that the oligomerisation of thiophene at Brønsted acid sites produces oligomeric carbocationic species of varying length, which have fluorescence emission ranging from 276 nm to 710 nm (Phys. Chem. Chem. Phys., 2014, 16, 21531-21542) . However, in our TEFL experimental setup we employ 532 nm excitation laser to excite a strong LSPR at the apex of Ag coated TEFL probes and use a 532 notch filter to collect fluorescent light emitted from the sample, which prevents light of wavelength ≤ 532 nm from reaching the spectrometer and the CCD detector. Furthermore, only the oligomeric fluorescent species that are able to absorb light at 532 nm excitation and therefore emit fluorescent light at longer wavelengths can be detected in our setup.
S1.4 Plasmonic enhancement of fluorescence signals
The intensity of fluorescence emission from fluorophores in the vicinity of plasmonic metal nanoparticles such as silver and gold is governed by two competing factors: (a) Nonradiative energy transfer to the particle leading to the quenching of fluorescence emission and (b) concentration of incident light into plasmonic hotspots leading to an increased absorption and enhanced fluorescence emission. Depending on which factor dominates, the overall fluorescence intensity of fluorophores in the vicinity of plasmonic metal nanoparticles can be either enhanced (J. Phys. Chem. B 2006, 110, 17383-17387; Nano Lett. 2002 , 2, 1449 -1452 ; Figure S3 . Map of fluorescence intensity at a TEFL probe-apex measured by moving the objective lens around the probe. Integration time: 1s. Laser power: 365 µW. A strong enhancement of fluorescence signal is observed at the probe-apex.
Anal. Chem. 1998, 70, 3898-3905; J. Phys. Chem. B 2006, 110, 23085-23091; Phys. Rev. Lett. 2002, 89, 117401; Phys. Rev. Lett. 2006, 97, 017402) or quenched (Nano Lett. 2005, 5, 585-589; Phys. Rev. Lett. 2002, 89, 203002; J. Phys. Chem. B 2006, 110, 16491-16498) .
In our TEFL measurements, we observe a strong enhancement of fluorescence intensity in the near-field as shown in a representative "hotpot" map of fluorescence intensity around a TEFL probe-apex in Figure S3 , where a much higher signal intensity is observed at the probeapex. This indicates that in our measurements increase of fluorescence signal due to the plasmonic enhancement of electromagnetic field in the near-field is much stronger than the decrease of signal due to metal-induced nonradiative decay.
These results are also consistent with our tip-enhanced photoluminesce (TEPL) measurements of organic solar cells (Nanoscale, 2017 (Nanoscale, , 9, 2723 (Nanoscale, -2731 and single-layer MoS2 (Nanoscale, 2016, 8, 10564-10569) , where intensity of photoluminescence signal was significantly increased in the tip-enhanced near-field.
In our previous work on organic solar cells (Nanoscale, 2017 (Nanoscale, , 9, 2723 (Nanoscale, -2731 , using numerical simulations we have shown that the probe depth (defined as the depth at which the signal intensity reduced to 37% of its value at the surface) of tip-enhanced photoluminesce (TEPL) signals depends on the optical properties of the sample. For the chemical components of an organic solar cell, TEPL probe depth was found to vary from 3 nm (ICMA, refractive index = 2.03) to 12 nm (C8SiIDT-BT, refractive index = 1.25). Since the refractive index of zeolite Y in the FCC particles used in this study is ≈ 1.47, the enhancement depth of TEFL signals at the sample surface is expected to be < 10 nm. Figure S4 . Confocal Raman (black) and surface-enhanced Raman (red) spectra of thiophene measured on glass and Ag substrates, respectively. Integration time: 10s. Laser power at the sample: 50 µW. Both spectra have been normalised with the highest signal intensity for easier comparison. Similar Raman and fluorescence bands are observed in both spectra confirming the inertness of Ag for polymerisation of thiophene.
S1.5 Comparison of Surface-enhanced Raman and confocal Raman spectra of thiophene

Section S2 Thresholding procedure to determine size of the most catalytically active zeolite domains
The following thresholding procedure was adopted for a binary segmentation of zeolite domains in the TEFL maps measured at different locations within a FCC particle to determine size of most catalytically active domains.
1. TEFL mapping was carried out at five different locations within a FCC particle using a Ag coated TEFL probe. Prior to the TEFL mapping at each location, plasmonic sensitivity of the TEFL probe was checked by measuring contrast between TEFL and far-field signals using Equation 1. 2. Plasmonic signal enhancement of Ag coated probes could vary from probe to probe and during exposure to the ambient environment due to surface oxidation. Therefore, in order to remove the effect of plasmonic enhancement variability of TEFL probes from the TEFL data as much as possible, we adopted the following procedure: A zeolite region was located using confocal fluorescence mapping. TEFL probe was positioned at the centre of zeolite domain and a "hotspot" map of the TEFL probe-apex was measured by moving the objective lens around the probe. The intensity of the fluorescence signal at the hotspot was compared with the far-field signal intensity measured at the same location in the confocal fluorescence map and contrast of the TEFL probe was calculated. Subsequently, the TEFL imaging of the zeolite domain was performed. Finally, the intensity of the TEFL image was normalised by the contrast of TERS probe. The normalised TEFL intensity is simply referred to as "TEFL intensity" in this manuscript for a succinct presentation. 3. A segmentation of the intensity histogram was performed collectively for all TEFL maps of each FCC particle using an expectation maximization of a Gaussian mixture model. Here, 3 Gaussian curves were used corresponding to 1) background, 2) catalytically active and 3) most catalytically active regions as shown in Figure S5 for FCC particles 1 -3. 4. The intersection point of the middle (red) and rightmost (blue) Gaussian fits to the histograms shown in Figure S5 was used to determine a global threshold value to determine the size of the most catalytically active regions in the TEFL maps of each FCC particle. 5. Based on this procedure, global threshold values of 2.1, 3.1 and 5.2 were calculated for FCC particles 1 -3, respectively and used for the analysis of TEFL maps presented in Figures 2, 3 , S6 and S7. Figure S5 . Histograms of normalized TEFL intensity measured in the TEFL maps of (a) FCC particle 1 (FCC1), (b) FCC particle 2 (FCC2) and (c) FCC particle 3 (FCC3), respectively fitted with three Gaussian curves corresponding to 1) background (green), 2) catalytically active (red) and 3) the most catalytically active (blue) regions. Difference in the average TEFL intensity among the three FCC particles likely reflects their different "catalytic age". Furthermore, the difference in the shapes of the intensity histograms indicates intra-and inter-particle differences in the Brønsted acidity of zeolite domains within the three FCC particles. Figure S6l -S6p, respectively along the direction of the arrow. I650/I700 follows an increasing trend from the outside the active zeolite domains towards the centre. Figure S7b -S7e, respectively. (n) -(q) Average intensity profiles of I650/I700 in the regions marked in Figure S7j -S7m, respectively along the direction of the arrow. Similar to FCC1 and FCC2, I650/I700 follows an increasing trend from the outside the active zeolite domains towards the centre. Table S1 . Area and average TEFL intensity of active zeolite domains measured at different locations within FCC particle 1 shown in Fig. 2 . Table S2 . Area and average TEFL intensity of active zeolite domains at different locations within FCC particle 2 shown in Fig. S6 . Table S3 . Area and average TEFL intensity of active zeolite domains at different locations within FCC particle 3 shown in Fig. S7 .
Section S3 Spatial resolution of TEFL measurements
In TEFL (and TERS) microscopy, spatial resolution is primarily determined by the size of the localised surface plasmon resonance (LSPR) hotspot generated at the Ag coated probe-apex, which itself depends on the size of the Ag nanoparticles present at the probe-apex. Therefore, in TEFL measurements, size of the LSPR hotspot and hence the spatial resolution could be significantly smaller than the size of the probe itself. For practical purposes, spatial resolution of a TERS or TEFL map is usually estimated from the full-width at half maximum (FWHM) of a Gaussian fit to a sharp feature in the tip-enhanced image (Chem. Commun., 2017 , 53, 2451 -2454 Chem. Commun., 2016, 52, 8227-8230; Nanoscale, 2017 Nanoscale, , 9, 2723 Nanoscale, -2731 Nanoscale, 2016, 8, 10564-10569; Nanoscale, 2015, 7, 7133-7137) . However if the pixel size of the TERS or TEFL image is larger than the size of the LSPR hotspot at the Ag coated probeapex, the spatial resolution cannot be accurately determined.
In the TEFL measurements presented in this work, a rather large pixel size of 20 nm was used. Furthermore, the zeolite domains did not appear to contain very sharp features or boundaries. Therefore, an accurate determination of the spatial resolution in our TEFL measurements is difficult. However, in the following we provide a rather cautious estimate of the spatial resolution of three TEFL maps measured in three different FCC particles using probes 1 -3.
In a TEFL image, the far-field and near-field signals are measured simultaneously. Therefore, in order to estimate the spatial resolution of the TEFL images from an intensity profile across a sharp feature we adopted the method reported by Roy et al. (J. Appl. Phys., 2009, 105, 013530; Nanoscale, 2018 Nanoscale, , 10, 1815 Nanoscale, -1824 . This method separates the near-field and far-field components in an intensity profile across a sharp feature through fitting it with two different Gaussian curves. Following this procedure, the spatial resolution of the TEFL images shown Figure S8 . Figure S10. Plot of the areas of active zeolite domains versus their average TEFL intensity measured from 47 active zeolite domains within FCC particles 1 -3. Average TEFL intensity within active zeolite domains is found to be independent of their size.
